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II. Envelope Equations

Paraxial Ray Equation

Envelope equations for axially 
symmetric beams

Cartesian equation of motion

Envelope equations for elliptically
symmetric beams



John Barnard
Steven Lund
USPAS
June 2008

Roadmap:

Single particle equation with Lorentz force
q(E + v x B)

⇓
Make use of:

1. Paraxial (near-axis) approximation
(r << 1/kβ0 and x' =vx/vz << 1)

2.  Conservation of canonical angular momentum

3. Axisymmetry f(r,z)
⇓

Paraxial Ray Equation for Single Particle

Next take statistical averages over the distribution
function
⇒ Moment equations
Express some of the moments in terms of the rms
radius and emittance
⇒ Envelope equations (axi-symmetric case)

Some focusing systems have quadrupolar symmetry
Rederive envelope equations in cartesian coordinates

(x,y,z) rather than radial (r,z)












































